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The data for each protein sequence are taken to come from a star phylogeny and inference is for N,(t), the number of substitutions that occurred in the ith lineage of a radiation that occurred t years ago. Most of Gillespie's discussion focuses on the estimation of the ratio R(t) = Var[Ni(t)]/E[Ni(t)]. The data available for estimation are the observed number of amino acids that differ between species i and j, Dw Gillespie (p. 140) writes: "As in other work, our results show that R(t) is always greater than one. The striking aspect of the estimates, however, is the narrow range of R(t) values: 1 .O < R(t) < 3.4." However, the currently available data sets are sparse. First, it should be noted that the data on which Gillespie based his results are for just six protein sequences, four of which had counts of amino acid differences for six species and the other two of which had such counts for four species. The global number of species was 15, but only seven of these were considered in more than one sequence comparison.
To demonstrate that even these data contain evidence that the range of R(t) may not be as narrow as Gillespie found, I consider the sequence comparison for the hemoglobin a-chain. The data are given in table 1, along with fictitious data for four 18  19  20  17  27  28  25  25  25  22  21  26  29  27  28  23  21  19  28  17  18  18  19  24  20  26  17  24  22  27  28  20  19  16  21  23  20  30  28  24  27 a Observed number of amino acid differences between mammals when their hemoglobin u-chains (m = 141) are compared. NOTE.-All estimates were obtained using Gillespie's formulae (m = 141). MO = mouse; Ra = rabbit; Do = dog; Ho = horse; Bo = bovine; and Hu = human.
additional species. First, suppose that, on the basis of size, one grouped the original species into the following two subgroups: (1) mouse-rabbit-dog and (2) horse-bovinehuman. Then an interesting (statistical) phenomenon is found. Not only do the R estimates (r^ in table 2) become markedly less than one, but these groups would appear to have significantly different estimates, @, for E[N,(t)]. (It is interesting to note that for hemoglobin p, r^ = 2.3 for the first subgroup and 0.85 for the second, compared with 3.4 for all six species.) In fact, for each protein sequence, removal of species can produce estimates of R that are less than one. As well, removal of species can produce larger values of R; For example, the subgroup human-mouse-rabbit for hemoglobin p yields r^ = 7.0. Consideration of additional species might also produce estimates of R that are less than one, or greater than those observed for the protein. This is demonstrated in table 2 by the addition of fictitious species Sl and S2 to the six original species, which gives r^ = 0.84, and by the further augmentation with S3 and S4, which gives r^ = 6.15.
In the above we have used Gillespie's correction formula for multiple substitutions. This gives slightly smaller R estimates than Kimura's (1983) correction formula, which requires the assumption that the substitution process is Poisson. However, both formulae involve assumptions whose violation could have far greater consequences on the R estimates (viz., the Poisson assumption of which Gillespie is so critical). The first assumption is that all m of the amino acids are free to evolve. As Gillespie noted, the estimate of R(t) increases with decreasing m. A second assumption is that all the amino acid sites (that are free to evolve) in the protein are equally likely to be a replacement site. However, the individual amino acids vary markedly in their replacement rate (see, e.g., Graur 1985) .
Finally, there is the assumption that a radiation into a series of L lineages (species) occurred within a small period of time relative to the length of the lineages and that the I lineages being examined are a random sample from these L.
To conclude, it would not be difficult to alter Gillespie's model of evolution by natural selection to accommodate a possibly greater range of R estimates. Indeed, Gillespie (19863) has already noted that the range of R values increases with more extensive data.
